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Introduction
Injury to the anterior cruciate ligament (ACL) leads to
knee instability, affects athletic performance and results
in further damage to the knee joint. Advances in surgical
approaches and rehabilitation for ACL injuries are of
prime importance for the successful return of function
and sports performance [1,2].
Surgical treatment of ACL rupture has evolved from
primary repair to ligament reconstruction using various
graft materials [3]. For patients receiving patella tendon
(PT) autografts, the accelerated rehabilitation protocol
[4] that allows immediate weight bearing and early re-
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turn to sports has become the current trend of rehabili-
tation [5–7]. With the shift towards using hamstring
(HS) autografts because fewer knee problems have been
found in these patients, studies have evaluated reha-
bilitation programmes following HS grafting [2,8,9].
In particular, the effects and outcome of closed kinetic
chain exercise (CKCE) versus open kinetic chain exer-
cise (OKCE) on patellofemoral stresses have been com-
pared [10,11].
ACL rehabilitation programmes are often guided by
the biological sequels of the graft, which follow sequen-
tial events of cellular necrosis in the beginning, then
fibroblast proliferation with new collagen production
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Abstract: Rehabilitation protocols for injuries to the anterior cruciate ligament (ACL) change rapidly. The first
local study was conducted 8 years ago, and there is a need to review our local practice in order to evaluate our
services. Questionnaires were sent to local hospitals and rehabilitation centres asking about their management
regimens for ACL cases from 1 January to 31 December 2003. Most (89.3%) ACL injuries occurred during sports,
with 74.1% in males aged 18–30 years. Thirty-four centres returned answered questionnaires, of which only
28 contained valid answers; 21 centres (75%) had a defined rehabilitation protocol for surgical cases but only
10 (35.7%) had a defined protocol for non-surgical cases. Patients were usually managed with patella tendon
or hamstring autografts, and 25% of the centres had separate rehabilitation protocols for these grafts. Local
protocols were comparable to the accelerated rehabilitation programme for patella tendon autografts, except
that they showed slower progress in agility training and return to sports. The protocols for hamstring autografts
were generally in line with overseas programmes, but started hamstring exercises earlier. The timing of muscle
training and sports-specific activities varied among centres. Treatment outcome might be improved by therapists
spending more time with patients. Compared with the previous study, more centres had defined rehabilitation
protocols for surgical ACL cases, but not for non-surgical cases. The practice of ACL rehabilitation in Hong
Kong is generally comparable to that reported from overseas.
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and, finally, cell number regression to normal [12–14].
These biological changes last for months and the bio-
mechanical properties of the graft in each phase have
been reported [15,16]. These studies have provided
important information on the design of rehabilitation
programmes such as the timing of loading the graft
safely. However, the actual practice of ACL rehabilita-
tion is diverse.
A survey of ACL rehabilitation in the UK reported
that many physiotherapists did not follow any estab-
lished protocol for treating ACL patients who have been
managed conservatively, and there were wide variations
in the content and targets of the physiotherapy rehabili-
tation programmes [17]. In the same report, the authors
stated that a large percentage of physiotherapists in the
UK were not aware of the role of the hamstring muscle
in ACL rehabilitation.
In Hong Kong, the first published local study review-
ing the physiotherapy rehabilitation programme for
ACL patients was conducted by Lai and Ng [18]. Their
questionnaire survey examined the different facets of
physiotherapy management for ACL patients and re-
vealed that most ACL patients were treated with surgery,
and more than half of the physiotherapy departments
had defined rehabilitation programmes for surgical ACL
cases. Most local programmes were modified from the
accelerated ACL programme [4], but certain components,
such as the timing of isokinetic exercise and return to
sports, were different from those reported in the litera-
ture.
Since then, there have been further advances in ACL
surgical techniques and rehabilitation concepts. Fur-
thermore, the physiotherapy profession in Hong Kong
has developed significantly in the past few years, with
more local physiotherapists conducting research on
ACL injury and rehabilitation [19–22], and the grant-
ing of exemption status by legislators to physiotherapists
using acupuncture as an adjunct therapy in treating
musculoskeletal problems. All these may lead to changes
in the ACL rehabilitation protocols in local physiotherapy
centres [23]. Therefore, this study investigated the cur-
rent practice of ACL rehabilitation in local centres and
compared them with the previous study [18], to identify
any major changes in the ACL rehabilitation approach in
Hong Kong over the last 8 years. In addition, in view of
the increasing incidence of ACL injury in children and
adolescents [24], we also attempted to investigate the
rehabilitation programme for this group of patients.
Methods
Forty-seven physiotherapy centres were approached: 20
physiotherapy centres (adult and paediatric) under the
Hospital Authority and 27 private physiotherapy centres
and institutions listed under the directory published by
the Hong Kong Physiotherapy Association in March
2003.
This study was a Hong Kong-wide questionnaire
survey. The questionnaire was modified from that of Lai
and Ng [18]. Questions regarding non-adult manage-
ment and application of acupuncture for treating ACL
cases were added. The studied period was from January
to December 2003. The questionnaire was validated by
four physiotherapy clinicians working in a hospital, two
academic staff at The Hong Kong Polytechnic University,
and one physiotherapist at the rehabilitation clinic of
The Hong Kong Polytechnic University. Reliability of the
subjects’ responses was not assessed because the ques-
tionnaire was only sent to respondents once.
The questionnaire (Appendix) consisted of both closed
and open-ended questions and was divided into four
parts: demographic data and specific physiotherapy man-
agement of surgical patients with PT or HS autografts
and non-surgical cases. The questionnaires were mailed
to the person in charge of each physiotherapy centre,
with a self-addressed and stamped reply envelope en-
closed, in January 2004. In the accompanying letter, the
addressee was requested to invite the staff member most
experienced in treating ACL patients or the leader of
their knee rehabilitation team to answer the question-
naire. Reminders were sent in March 2004 to those cen-
tres that had not responded.
Closed questions were analysed using relative fre-
quency tables. Open-ended questions were assessed
using content analysis. The researcher read the text of all
responses comprehensively to identify key words or re-
current themes. Afterwards, some well-defined group
headings were established, and the key words or themes
in common were grouped under these headings. The
data were finally converted into relative frequencies [17,
18].
Results
A total of 34 questionnaires were returned, which con-
stituted a response rate of 72.3%. However, only 28
questionnaires contained valid answers. Although seven
centres had non-adult ACL patients, none had a separate
protocol for these young patients and their answers were
all based on the adult ACL rehabilitation protocol. The
majority of patients were male. Eleven of the 27 centres
(40.7%) responding to this question had 71–90% male
patients and 11 centres (40.7%) had more than 90%
male patients, giving a total of 22 centres (81.5%) with
more than 70% male patients. Sports activity was re-
ported to be the major cause of ACL injury, constituting
89.3% of all causes. Among the 28 respondents to this
question, 21 centres (75%) had a defined rehabilitation
protocol for surgical cases and 10 centres (35.7%) had a
defined protocol for non-surgical cases. Seven of the 26
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centres (26.9%) responding to this question had sepa-
rate protocols for PT and HS autografts; these centres had
revised their programmes within the last 5 years.
There were wide variations among the centres in the
timing of activities in rehabilitation programmes (Table
1). However, the protocols for PT and HS grafts were
comparable, as revealed by the median time of com-
mencement of activities, except for the open kinetic
chain quadriceps exercise, which started 3 weeks earlier
in the HS group than in the PT group.
Of the 21 centres answering the open-ended ques-
tions, 18 (86%) reported anterior knee pain as the pre-
vailing complication for the PT group, and the main
objectives of treatment in the order of priority were to
improve range, control inflammation and improve am-
bulation. More than 50% of respondents did not regard
acupuncture as having a role in treating this patient
group, while 18% thought that acupuncture had a role
in controlling pain. For the question on the choice of
treatment, 55% of respondents put down electrophysical
agents as their first choice, whereas 41% stated that
exercise therapy would be their first choice. About 58%
regarded persistent knee pain as the most difficult prob-
lem to treat and 21% regarded the loss of quadriceps
strength as the most difficult to treat. Half of respondents
would advise their patients to protect their affected knee
by wearing a knee brace and/or avoiding high-risk
activities; 33% of respondents advised their patients to
adhere to the exercise programme as first priority.
Close to 60% of respondents regarded functional
score as the most important outcome measure, while the
other 40% regarded muscle strength as the most impor-
tant outcome index, and these two were also the criteria
for returning patients to sports activities. About 62% of
respondents reported that their treatment outcome would
be improved if they could spare more time to treat their
Table 1. Timing on commencement of activities for patella tendon autograft and hamstring autograft
Patella tendon autograft Hamstring autograft
Range Median Range Median
Passive full knee extension Day 0 – Week 8 Week 1 Day 0 – Week 4 Week 2
Continuous passive motion Day 0 – Week 1 Day 0–1 Day 0 – Week 1 Day 1
   (45% did not use)    (70% did not use)
Patellofemoral joint mobilization Day 1 – Week 2 Day 1–2 Day 1 – Week 2 Day 1
   (15% did not use)
Partial weight-bearing walking Day 0 – Week 1 Day 1 Day 0 – Week 1 Day 1
Full weight-bearing walking Day 1 – Week 5 Week 1–2 Day 1 – Week 5 Week 1
Open kinetic chain quadriceps Day 1 – 3 months Week 6 Day 1 – 5 months Week 3
   exercise (90$–30$)
Closed kinetic chain quadriceps Day 1 – 3 months Week 2 Day 1 – 3 months Week 2
   exercise (30$–0$)
Resisted hamstring exercise Day 1 – Week 6 Week 3 Day 1 – Week 8 Week 4
   (within 0$–90$)
Acupuncture 91% did not use N/A 85% did not use N/A
Functional bracing Day 0 – 3 months Day 1 Day 0 – 3 months Day 2
   (32% did not use)    (65% did not use)
Functional closed kinetic chain Day 4 – 3 months Week 4 Week 1 – 3 months Week 4–5
   exercise (e.g. squats, stairs)
Agility drills Week 2 – 8 months 4 months Week 2 – 6 months 3–4 months
Return to pre-injury sports/activities 3–12 months 6–8 months Week 3 – 12 months 6 months
Usual length of physiotherapy 1 week – 12 months 5–6 months 1 week – 12 months 6 months
   programme for these patients
N/A = not available.
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patients. The main difference between the rehabilitation
programmes for PT and HS grafts were delayed HS
strengthening (37.5%) and avoiding jogging until 3–4
months after grafting (12.5%) in the HS group, and
delayed quadriceps and HS co-contraction in the PT
group (12.5%).
Since only one-third of the centres had defined re-
habilitation programmes for non-surgical cases, the treat-
ment objectives and outcome measurements were more
diverse than for surgical cases (Table 2). However, a gen-
eral consensus in treating these patients was that in-
stability was regarded as the most difficult problem to
treat, and 41% of respondents regarded knee stability as
the most important criterion for resumption of sports
activities.
Discussion
These results provide an updated overview of the local
physiotherapy practice for ACL rehabilitation. Compar-
ing the present findings with those of Lai and Ng [18],
it can be seen that there has been a significant shift in
patient demography and clinical management of ACL
injuries in the past 8 years (Table 3).
Twenty of the 27 respondents (74%) to this question
indicated that patients aged 18–30 years formed the
major age group for ACL patients, while seven respond-
ents (26%) indicated that the largest group was aged 30–
40 years. The increased incidence, as compared to 8
years ago, of ACL injuries in the 30–40-year age group
could be an indication that more people in this age group
participate in sports today than in 1995–96. There has
also been a change from PT to HS autograft. This shift in
the surgical paradigm is supported by the literature that
HS grafting has fewer complications such as disruption
to the extensor mechanism and anterior knee pain
[25–27]. More physiotherapy centres have defined ACL
protocols for surgical cases, which is a good sign as these
protocols have standardized timings and progression
of activities. Only about one-third of local physiothera-
py centres have defined protocols for non-surgical cases,
which is comparable to the previous finding [18]. This
small proportion could be due to the relatively small
number of patients being managed non-surgically.
Of treatment objectives, the first priority has changed
from motor-oriented muscle strength to function-
oriented knee range, but knee pain is still regarded by
local physiotherapists as the most difficult problem to
treat. The change in treatment objective reflects a shift in
emphasis from motor- to function-oriented tasks, which
can be regarded as a positive progression in the treat-
ment plan. Knee pain is generally reported after PT
autograft. Since there has been a shift in the surgical
approach toward using HS autograft, there may be a
change in priority of the problem list in future.
There has been a change in the criteria for returning
to sports: previously, 50% of physiotherapists regarded
muscle strength as the most important factor [18], while
in this study, only 27% did so. There are more diverse
opinions on the criteria for returning to sports. This is in
line with the change in treatment objectives; the previ-
ous emphasis on muscle strength has become more
diffuse and partly replaced by more functional measure-
ments. An interesting finding in this study is that about
two-thirds of respondents believed that the time they
could spend with their patients was the most important
factor in improving treatment outcome. This may be a
reflection of the increasing workload of physiotherapists
in Hong Kong over the past few years, meaning that
clinicians might not be able to spend as much time as
they would wish on treating their patients.
Since the report on the accelerated ACL programme
for PT autograft [4], this approach has been generally
adopted by clinicians. A 2- to 9-year follow-up study
revealed good results in knee stability, range of motion,
strength and return to full function in patients who had
undergone the accelerated rehabilitation programme
Table 2. Highlights of responses for conservatively
managed anterior cruciate ligament cases
Priority of treatment objectives
   Improve knee range 24%
   Treat inflammation 24%
   Improve quadriceps strength 20%
   Reduce pain 12%
   Stability, return to sports 16%
   Others 4%
Priority of advice given to patients
   Risk of further injury 52.4%
   Continue home exercise 19.0%
   Stability exercise 14.3%
   Wear functional brace at sports 4.8%
   RICE 9.5%
Most difficult signs/symptoms to treat
   Instability 41.7%
   Decreased range at end of knee flexion 25.0%
   Pain 20.8%
Criteria to return to pre-injury sports
   Stability 40.9%
   Strength 18.2%
   Full range 18.2%
   Pain free 18.2%
Opinion on how to improve the programme 60%
   More treatment time
   Standardization of assessment/treatment 20%
      protocol
RICE = rest, ice, compression, elevation.
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Table 3. Comparison with the findings of Lai and Ng [18] on patient demography and clinical management of
anterior cruciate ligament (ACL) patients
Lai and Ng Present study
Age group (yr)
   18–30 74%
   20–30 95.5%
   30–40 14.5%
   31–40 26%
Has defined protocol
   Surgical ACL cases 59.1% 75%
   Non-surgical ACL cases 36.4% 35.7%
Choice of ACL graft
   Surgical ACL with PT autografts 90.9%
   Use hamstring only 15%
      10–30% PT graft 19%
      31–40% PT graft 8%
      > 40% PT graft 42%
      All PT graft 15%
Objectives of rehabilitation Muscle strength, functional Improve range, reduce inflamma-
   in order of priority proprioception, reduce pain tion, ambulation, agility and sports
Most difficult signs/symptoms to treat Pain, decreased range, Knee pain, quadriceps weakness,
muscle weakness decreased range
Criteria to return to sports in order of priority
   Muscle strength 1.50%
   Functional proprioception training 31.8%
   Pain and swelling 18.2%
   Laxity 18.2%
   Quadriceps strength 26.3%
   Stable/good functional test result 26.3%
   Pain free 21.1%
   Full range 21.1%
Outcome measures used
   Muscle strength 54.5% 41.2%
   Functional test 54.5%
   Functional score/test 58.8%
Ways to improve rehabilitation outcome
   Research and more aggressive rehabilitation 50%
      programme
   Increase resources 27.3%
   More time to treat patients 61.6%
PT = patella tendon.
[6,28]. The local practice is generally in line with the
accelerated protocols of Shelbourne and Gray [6] and
Barber-Westin et al [7], except that physiotherapists in
Hong Kong start agility training later than their overseas
counterparts, and the timing of return to sports is more
conservative (Table 4).
With the increasing use of HS autografts, more recent
studies on rehabilitation after HS grafting have been
published. Howell and Taylor proposed that patients
receiving HS autografts should start partial weight-
bearing walking in the early postoperative period, unre-
stricted exercise at week 4, agility training at week 8–10
and return to sports at 4 months [8]. Corry et al sug-
gested earlier quadriceps muscle strengthening for these
patients [25]. More recently, Wilk et al [9] and Fujimoto
et al [2] proposed that the rehabilitation for HS autograft
patients should be less aggressive, to protect the graft,
and that patients should refrain from lower-limb sports
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until 3–4 months after surgery in order not to over-
strain the graft or the recovering hamstring muscles
(Table 5). The local practice is similar to the protocols by
Howell and Taylor [8] and Wilk et al [9], but some
exercises that strain the hamstring muscles are started
earlier in Hong Kong than overseas. These include both
the OKCE and CKCE of the quadriceps and resisted
hamstring exercises.
This study has several implications. First, the previ-
ous study revealed that local physiotherapists tended to
start quadriceps muscle training quite early [OKCE 90$–
45$ at week 1 (30.8%) and week 2 (38.5%); OKCE full
range at week 2 (23.1%) and week 3 (23.1%)], but
started agility or sports quite late. This is still the case
in current practice. The beneficial or adverse effects of
delayed agility training on rehabilitation outcome and
graft strength in local patients have not been evaluated.
Therefore, a long-term study is suggested to review the
effects of the local programme. Second, the timing of
activities varied widely among centres. A standardized
protocol for ACL rehabilitation would, in general, be
beneficial for physiotherapists, especially in those cen-
tres that do not review their protocols frequently. Third,
pain is still regarded as the most difficult symptom to
treat in this patient group, and many physiotherapists
use electrophysical means for symptom relief. Only very
few respondents use acupuncture and some were doubt-
ful about its effect. The application of acupuncture in
Table 4. Comparison between local and overseas rehabilitation protocols for patella tendon autografts
This study Shelbourne Barber-Westin et al [7]
and Gray [6]
Full weight-bearing walking Week 1–2 Day 1 Assisted ambulatory phase from
   post-op until Week 4–8
Open kinetic chain quadriceps Week 6 N/A Week 4–8 to Week 12–16
   exercise (90$–30$)
Closed kinetic chain quadriceps Week 2 Week 2–5 Exercise done at assisted ambulatory
   exercise (30$–0$)    phase
Functional closed kinetic chain Week 4 Week 2–5 Week 4–8 to Week 12–16
   exercise (e.g. squats, stairs)
Agility drills 4 months Week 2–5 Week 4–8 to Week 12–16
Return to pre-injury sports/activities 6–8 months Week 5* Week 24–52
*Only when quadriceps strength has acquired 65–70% of good leg strength. N/A = not available.
Table 5. Comparison between local and overseas rehabilitation protocols for hamstring autografts
This study Howell and Taylor [8] Wilk et al [9]
Full weight-bearing walking Week 1 Week 3 N/A
Open kinetic chain quadriceps Week 3 Week 4 Week 5–6
   exercise (90$–30$)
Closed kinetic chain quadriceps Week 2 Week 4 N/A
   exercise (30$– 0$)
Resisted hamstring exercise (0$–90$) Week 4 Week 4 Week 6–8
Functional closed kinetic chain Week 4–5 Week 4 N/A
   exercise (e.g. squats, stairs)
Agility drills 3–4 months Week 8–10 Week 12–16
Return to pre-injury sports/activities 6 months Week 16 Week 22–24
N/A = not available.
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these patients may be hampered by the scarcity of
information on its effect in sports rehabilitation. With
more physiotherapists in Hong Kong trained in acu-
puncture, we are in an advantageous position to explore
the use of acupuncture in sports rehabilitation and the
effects of East-meets-West treatment for these patients.
There are some limitations to this study that should
be considered when using the findings. Each respondent
represented one physiotherapy centre, hence, there
could be a bias towards the practice of relatively smaller
physiotherapy centres that are more in number but treat
fewer referrals than the large centres. Although male
patients were found to be the predominant gender group
in ACL injuries, the exact ratio of males to females is not
known because of the centre-based design of this study.
Finally, due to the SARS (severe acute respiratory syn-
drome) epidemic in 2003, the number of surgical and
non-surgical cases would have been reduced, thus af-
fecting the demographic data.
Conclusion
There has been a change in patient demography of ACL
injuries over the past 8 years in Hong Kong. An increas-
ing number of physiotherapy centres have defined
protocols for surgical ACL cases, but the centres with
defined protocols for non-surgical cases remained the
same as in the last study. There was a trend towards a
switch from PT to HS autografts for ACL reconstruction,
and a large number of physiotherapy centres have also
developed their own protocols for HS autografts. Local
ACL rehabilitation programmes are generally compara-
ble to overseas programmes, except that we proceed
faster with muscle training but slower with agility and
return to sports.
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Questionnaire on the management of patients with anterior cruciate ligament
(ACL) injuries in Hong Kong (simplified version).
Please answer the questions with respect to the period 1 January 2003 to 31
December 2003 for your setting.
Part A
1. How many ACL cases were referred to your setting for the period 1 January
2003 to 31 December 2003?
2. What was the major cause of injury of these patients?
3. What was the major age group of the ACL patients?
4. Is there a separate protocol for adult/paediatric ACL cases in your department?
5. If yes to question 4, in answering this questionnaire, do you base on protocol
for:
6. Does your setting have a defined physiotherapy programme?
7. Does your setting have a separate programme for different surgical cases such
as patella tendon graft and hamstring graft?
8. If yes to question 7, when was the programme last revised?
9. Among all the ACL patients that came to your setting in the year 2003, how
many percent were male patients?
10. What percentages of the ACL patients were treated surgically?
11. What percentages of the surgical ACL patients were treated with patella tendon
autograft?
Part B
For patella tendon autograft surgical cases:
Please indicate when the following treatments were usually commenced to the
surgically treated ACL patients (patella tendon graft):
12. Passive full knee extension
13. Continuous passive motion (CPM)
14. Patellofemoral joint mobilization
15. Partial weight-bearing walking
16. Full weight-bearing walking
17. Open kinetic chain quadriceps exercises (90$–30$)
18. Closed kinetic chain quadriceps exercises (30$–0$)
19. Resisted hamstrings exercises (within 0$–90$)
20. Acupuncture
21. Wear functional bracing
22. Functional closed-kinetic chain exercises (e.g. squats, stairs)
23. Agility drills
24. Return to pre-injury sports/activities
25. The usual length of the physiotherapy programme for these patients
For questions 26–34, please answer succinctly; preferably use less than 10 words for
each answer:
26. Outline the main complaints of the patella tendon autograft ACL patients.
27. List in priority your objectives of rehabilitation for patella tendon autograft ACL
patients.
28. What is your opinion on acupuncture treatment for ACL patients? (Please
answer ‘not applicable’ if you are HA staff and are not accredited to apply
acupuncture.)
29. List in priority the treatment modalities used in your setting for these patients
(e.g. electrotherapy, hydrotherapy, acupuncture etc).
30. What advice did you give to these patients?
31. In your practice, which was/were the most difficult signs/symptoms to treat in
these patients?
32. List the criteria that you used to return the patients to pre-injury sports/
activities.
33. What outcome measures did you use?
34. How do you think your programme for these patients can be improved?
Part C
For hamstring autograft surgical cases:
*Close-ended questions 35–48 same as Part B close-ended questions 12–25
respectively.
For question 49, please answer in less than 10 words:
49. What is/are the differences in treatment approach for patients with patella
tendon autograft and hamstring autograft?
Part D
For ACL non-surgical cases (that patients have no plans for ACL operations):
50. List in priority your objectives of rehabilitation for ACL patients without surgery.
51. What is your opinion on acupuncture treatment to these patients? (Please
answer ‘not applicable’ if you are HA staff and are not accredited to apply
acupuncture.)
52. What advice did you give to these patients?
53. In your practice, which was/were the most difficult signs/symptoms to treat in
these patients?
54. List the criteria that you used to return the patients to pre-injury sports/
activities.
55. How do you think your programme for these patients can be improved?
56. What was the usual length of the physiotherapy programme for these patients
before they were discharged?
Appendix
